Two pioneering scientists are associated with the formulation of the first law of thermodynamics, James Prescott Joule and Julius Robert Mayer. There are two distinct aspects to their contributions: the actual statement of the equivalence of heat and work, and the experimental justification for that statement. In terms of the former, Mayer and Joule independently made that statement, Mayer a year or so earlier than Joule. In terms of the latter, Joule carried out a scientifically superb range of experiments allowing him to quantify accurately the mechanical equivalent of heat.
Introduction
The scientific community's ethos includes correctly recognising the originality of researchers' work. The time-honoured way of doing this is by peer review of papers submitted to scientific journals. This achieves further protection for the researcher since the act of publishing is a defence against plagiarism. In the case of the First Law of Thermodynamics, there was the question, even at the time, of Julius Mayer's contribution to the debate, and as a consequence and more importantly whether he should be given precedence over Joule in the development of the First Law. This issue arose at the time and it had two quite separate aspects: peer assessment by scientific contemporaries and the way in which the matter was inflamed by John Tyndall of the X-Club (the group founded in 1864 by T.H. Huxley and eight associates) [1, p. 171] . These are addressed in this chapter.
Joule, Mayer and the First Law: their peer assessment problems
With reference to the first aspect, there was a nascent peer assessment in place in those times, from which both Joule and Mayer suffered. '…both … Mayer … and … Joule had, in different ways, been largely ignored and even scorned by their respective German and British scientific peers' [1, p. 9] .
Joule had a great struggle to achieve scientific credibility, epitomised by his striving after publication in the Royal Society's Proceedings. In 1844, 'Once again, however, the Royal Society's Phil. Trans rejected the full paper …' [1, p. 68], which was published instead in the Philosophical Magazine. Cardwell gives Joule's paper the highest praise: 'This splendid paper was rejected by the Royal Society' [2, p. 234], but via Phil Mag 'the scientific world learned not only of Joule's fundamental insights … but also of his penetrating criticisms of Clapeyron and Carnot'. It was a scientific 'first' -'for the first time the fundamental ideas of thermodynamics were subject to the (constructive) criticism of a first-class scientific intellect'. Recounting the story as told by Cardwell, Joule achieved another 'first' in 1847. In 1845, as fully described in Section 3 above, he presented at the Cambridge meeting of the BAAS his 'new method of determining the mechanical equivalent of heat' using a paddle-wheel. Again, with the exception of Helmholtz, in 'his important paper On the conservation of energy in 1847 'no one seemed very interested'. It was in that year, at the Oxford meeting of the BAAS that he presented 'an improved paddlewheel apparatus' which aroused 'the keen appreciation' of Kelvin. Again, more details of this meeting have been given in Section 3. Cardwell described Joule's second 'first' as 'an historic stage in the history of thermodynamics: the real beginning of the acceptance of the first law' (all quotes from [2, p. 235] . Returning to the question of Joule's publication endeavours, he was ultimately successful, with his definitive Royal Society paper of 1850 'On the mechanical equivalent of heat' [3, p. 312] .
What of Mayer? While both Joule and Mayer struggled, Joule's success contrasted strongly with Mayer's unfortunate experience. Mayer, a German physician, was initially unsuited to scientific publication and Crosbie Smith tells how in a number of regards his submission to the 'prestigious' Poggendorff's Journal was unacceptable. His paper was not just rejected -it was not even returned to him. However, like Joule, Mayer did not give up and (like many successful researchers today?) 'undertook a thorough revision of strategy'. In 1842, he achieved his sole success -'his only paper submitted directly to, and accepted for publication by, a national and international journal'. Joule's approach, agreed with Kelvin, was to acknowledge the fact of Mayer's historical priority, but to claim that the scientific substance was his (Joule's). What Joule wrote is worth quoting in full 'I shall be quite content to leave M. Meyer in the enjoyment of the credit of having predicted the law of the equivalency. But it would certainly be absurd to say that he has established it' [1, pp. 73, 74 from Smith's Reference 70, [1, p. 325] . The chronological order (the years are given) has considerable significance, because it was in 1850 that Clausius published the key paper (Section 4) re-expressing Carnot's theory in non-caloric terms [4, 5] . Sections 4 and 5 explain the significance of Clausius's paper for Kelvin's progress towards the 'dynamical theory of heat'. Here, the focus is on the relevance to Joule and Mayer. Mayer's publication was indeed referenced by Clausius [5, p. 111 ] in a well-focused introductory discussion which needs some explanation.
Clausius identified the problem clearly: Did the 'quantity of heat remain unchanged' (as promulgated by Carnot and Clapeyron) or could there be 'an increase in the quantity of heat' as 'the careful investigations of Joule … have almost certainly proved'? He then cites Holtzmann who, using Mayer's method both agrees with Joule's equivalent but then in developing the equations 'proceeds as Clapeyron' and 'tacitly assumes that the quantity of heat is constant' (all quotes from [5, pp. 110, 111] ). In contrast to identifying the ambiguity of Holtzmann (and, therefore, Mayer), Clausius, in the climactic conclusion of his paper, hugely complimented Joule. He quoted no less than three of Joule's experimental methods 'The agreement of these three numbers, in spite of the difficulty of the experiments, leaves really no further doubt of the correctness of the fundamental principle of the equivalence of heat and work, and their agreement with the number 421 confirms in a similar way the correctness of Carnot's principle' [5, p. 152] . Such praise, by a peer of both Mayer and Joule, must be regarded as justifying Joule's words of the following year. There are two further points, though. First, Ref. [5] is part of the Dover publication edited by E. Mendoza, who also gives a thorough introduction in [6] . Referring to Mayer's paper, Mendoza comments 'the famous paper by Mayer … is almost unreadable today, the physical ideas being obscured by layers of philosophical verbiage' [6, p. xix]. Secondly, the story does not end there. In 1854, Rankine confirmed a prediction of Mayer in his (Rankine's) very masterly Royal Society publication [7] . It related to the possible deviation of high-density saturated steam from the perfect gas law. Rankine It would have been great comfort to Mayer who had been able to foresee that history would treat him kindly, in fact very kindly, reflecting the 'famous' compliment of Mendoza rather than his 'unreadability'. Today, this kindness goes hand-in-hand with due regard to the genius of Joule. Two examples are given. In the text, Modern Thermodynamics of 1999, co-authored by the thermodynamics Nobel Laureate Ilya Prigogine Cardwell [2] addresses this matter, too, in two sections in pages 229-238 and page 282 onwards.
In the first section, Tyndall is interpreted as someone whom today we would call a white knight. 'Mayer was eventually rescued from his undeserved oblivion through the good offices and by the generous impulses of John Tyndall [2, p. 231] . It is in the second section that the interchanges are more fully addressed and Cardwell does this personally, that is without mention of the X -club. Using the source [1] in addition, the events may be summarised as follows: (i) in 1862, Tyndall gave an address to the Royal Institution in which he suggested 'it had all been the work of a comparatively unknown … doctor' [2, p. From the above, Cardwell concludes:'. … the whole matter could -and certainly should -have ended amicably with Joule's credit unimpaired and justice at last done to the unhappy Mayer'. He lays the blame for 'this unnecessary and harmful squabble' (both quotes from [2, p 283]) largely with P.G. Tait, the professor of natural philosophy at Edinburgh. In the more diffuse discussion which follows Cardwell paints Tait rather unattractively. However, in 1875 Tyndall wrote a rather intriguing letter to Tait, which includes 'I would rather see you and Clausius friends than Zollner and myself. Trust me, C. is through and through an honest high-minded man' [2, p. 288] . Public conflict and personal good relations are not unknown today in British political life!
Conclusion: honour satisfied
The realisation that heat and work were equivalent formed a crucial watershed in the history of thermodynamics and led to the first law. Our appreciation of this may have dulled with time and familiarity, but two of the references remind us the strongest terms. Cardwell describes the situation thus: '… after 1850 a developed, established science … had to be re-established on a new basis: that of the axiom of the conservation of energy'. This was the first time in history that such a thing had happened ([2, p. 291], Cardwell's italics). Newburgh and Leff have very recently given the same message: 'The path-breaking work of Mayer and Joule fusing heat and work is as fundamental to physics as the ideas of James Clerk Maxwell and Albert Einstein fusing electricity and magnetism' [9, p. 484] .
